The aim of this study was to verify the influence of temperature, light, substrate, sowing methods, and salt and water stress on carpetgrass (Axonopus affinis, in the Poaceae family) seed germination. All four trials were performed in a germination chamber under controlled conditions of temperature, moisture and photoperiod. Experimental designs were entirely randomized with 100 seeds per plot. For the study of temperature and light (Experiment 1), treatments were arranged in a 6 x 2 factorial scheme, with six temperature regimes (constant at 20, 25, 30, and 35°C, and alternate at 20 to 30 and 20 to 25°C) combined with two light conditions (light: 8 h of light and 16 h of dark, and dark: 24 h without light) and four replications. For the study of substrate and sowing methods (Experiment 2), there were four treatments (on paper, between paper, on sand, and in sand) with five replications. For the study of salt stress (Experiment 3), there were five treatments, composed of NaCl concentrations (0, 25, 50, 75 and 100 mM), with four replications. For the study of water stress, treatments were arranged in a 3 x 2 factorial scheme (Experiment 4), with three substrate water contents (50, 75 and 100% water retention capacity) and two sowing methods (on sand and in sand), and four replications. Germination percentage and rate were evaluated. It was concluded that seed germination was more effective at the alternate temperatures of 20 to 30 and 20 to 35°C, under light, sown on sand, on a paper substrate or between papers. The NaCl concentrations did not affect germination percentage; however, germination was slower as the NaCl concentration increased. Faster and higher germination occurred when seeds were sown on sand at 100% of its water retention capacity.
INTRODUCTION
Lawns may usually bring many benefits to the surrounding environment. Besides the aesthetic effects, erosions caused by either water or wind are prevented, and problems related to mud and dust are minimized, *Corresponding author. E-mail: suzana_tsp@hotmail.com. Tel: +55 16 99746-4167.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License among others. The increasing demand for quality lawns by the consumer market is the main factor that boots grass producing areas, especially those close to great consumer poles (Godoy et al., 2012) .
The grass species Axonopus affinis Chase, in the Poaceae family, is commonly known as carpetgrass. It is still little cultivated in Brazil for ornamental purposes; however, it shows expansion potential for its decorative effect, hardiness and resistance to trampling and cold. Travi et al. (2014) reported that A. affinis is one of the most important grass species in native pastures of Southern Brazil, besides being aggressive and resistant to trampling and cold.
In Brazil, most lawns are still implemented from vegetatively propagated plants; however, the use of seeds is increasing according to the global trend. Batista et al. (2015) highlighted that the lawn formation from seeds, which is a common practice in the United States and Europe, is currently expanding also in Brazil.
However, seed germination depends on several endogenous and exogenous factors, so water, temperature, oxygen, and light are the most important ones (Baskin and Baskin, 1998) among others, such as substrate and salinity (Batista et al., 2015) . The influence of these factors varies according to the species; so, knowledge on specific requirements of each plant contributes to guiding research on seed germination and field requirements.
Water is one of the most important factors affecting germination, as it activates the seed metabolism besides being both directly and indirectly involved in all the remaining germination stages (Marco Filho, 2005) .
Temperature affects germination percentage and rate, seed water absorption and, also, biochemical reactions that determine all the germination process (Carvalho and Nakagawa, 2000) . Furthermore, the substrate used in germination trials greatly influences the germination process due to some factors that may vary according to the material, such as structure, aeration, water retention capacity and pathogen infestation (Popinigis, 1977) .
Some species are tolerant to saline environments, what becomes important for their cultivation in areas that are naturally saline or usage of residual water for irrigation. However, salinity may interfere with seed germination and may even inhibit it because of the osmotic effect, which may cause either the physiological drought or seedling toxicity, which is a result of the ion concentration in the cell protoplasm (Tobe et al., 2000) .
In this sense, with the aim to endorse and clarify aspects related to seed germination of A. affinis grass species, the objective of this work was to verify the influence of temperature, light, substrate, sowing methods, and saline and water stress on such process.
MATERIALS AND METHODS
The experiments were conducted in the first half of 2015 in the Laboratory of Seed Analysis, Department of Crop Production at the College of Agricultural and Veterinary Sciences of the State University of São Paulo (FCAV/UNESP), located in the municipality of Jaboticabal, Brazil (21°15"22" S and 48°18"58" W, at 590 m altitude).
Seeds of A. affinis were bought from a commercial producer, already treated with 0.18% Mayran fungicide [700 g kg -1 Thiram + 0.06% Rovral (500 g L -1 Iprodione)]. Seed water content was determined applying the oven method, at 105 ± 3°C for 24 h, as described by Brasil (2009) ; it was 14.86%.
Temperature and light
The experimental design was entirely randomized and treatments were arranged in a 6 x 2 factorial scheme: six temperature conditions (constant at 20, 25, 30, and 35°C , and alternate at 20-30 and 20-35°C) and two light regimes (light: 8 h of light and 16 h of dark; and dark: 24 h without light), and four replications of 100 seeds each.
Experimental plots were composed of plastic boxes (11 x 11 x 3.5 cm) of "gerbox" type, which were placed in tied low-density polyethylene bags to avoid moisture loss. Both transparent (light treatment) and black (dark treatment) plastic boxes were used. Seeds were sown on two sheets of filter paper moistened with distilled water, whose mass applied was 2.5 times the dry paper mass (Brasil, 2009) .
The experiment was conducted in BOD germinators set at different temperatures according to the proposed treatments.
Substrate and sowing methods
The experimental design was entirely randomized with four treatments (on paper, between paper, on sand and in sand) and five replications of 100 seeds each. Experimental plots were composed of plastic boxes (11 x 11 x 3.5 cm) of "gerbox" type, which were placed in tied low-density polyethylene bags to avoid moisture loss. Seeds were sown either on filter paper or between two sheets of filter paper moistened with distilled water, and mass applied was 2.5 times the dry paper mass (Brasil, 2009) . For the sand treatments, there was 250 g washed sand per plot, which was sterilized at 200°C for 2 h. For the "in sand" treatment, seeds were sown at 4 mm depth. The experiment was conducted in a BOD germinator at the alternate temperature of 20-35°C and photoperiod of 8 h of light and 16 h of dark.
Saline stress
The experimental design was entirely randomized with five treatments (five NaCl concentrations: 0, 25, 50, 75, and 100 mM) and four replications of 100 seeds each. The electrical conductivity (EC) of the solutions was, respectively, 2.16, 2.90, 5.80, 8.46, and 11.37 μS cm -1 . For the 0 mM concentration, only distilled water was used. Experimental plots were composed of plastic boxes (11 x 11 x 3.5 cm) of "gerbox" type, which were placed in tied low-density polyethylene bags to avoid moisture loss. Seeds were sown between two sheets of filter paper, moistened with distilled water, and mass applied was 2.5 times the dry paper mass (Brasil, 2009) . The experiment was conducted in a BOD germinator at the alternate temperature of 20-35°C and photoperiod of 8 h of light and 16 h of dark.
Water stress and sowing methods
The experimental design was entirely randomized and treatments The experiment was conducted in a BOD germinator at the alternate temperature of 20-35°C and photoperiod of 8 h light and 16 h dark. Sand maximum water retention capacity was calculated prior to definition of the water volume to be provided to the other treatments. For 100% water retention capacity, 218 mL water kg -1 sand was provided. Plastic boxes with sand were daily weighted so water replacement was performed whenever necessary to maintain the calculated water retention capacity for each treatment.
Assessment and statistical analysis
Seed germination was daily observed and noted for 28 days. Seeds were considered germinated when presented normal seedlings of at least 5 mm. Analyzed variables were germination percentage and rate, which were calculated according to Maguire (1962) .
For statistical analysis, values of germination percentage were transformed into arcsine (x/100) 1/2 for normalization. Data of both variables were submitted to variance analysis and means were compared by the Tukey test at 5% significance level. Polynomial regression analysis was also performed to evaluate variable behavior according to increasing salinity.
RESULTS AND DISCUSSION

Temperature and light
The interaction between temperature and light was significant for both germination percentage and rate. Higher percentage and faster germination occurred under light, reaching 88.00 and 81.25% germination at the alternate temperatures of 20-30 and 20-35°C, respectively. Germination under dark was null or very low at the constant temperatures; however, there was 60.75% germination when seeds were submitted to the alternate temperature of 20-35°C (Table 1) . It was also this temperature regime, in the dark, that promoted faster germination (Table 1) . Therefore, in general, great germination percentages of A. affinis were observed at alternate temperatures (Table 1) . Similar results with other Poaceae species were obtained by Carmona et al. (1998), who studied several grass species, and by Ever and Parsons (2009) and Batista et al. (2015) for Cynodon dactylon.
Seeds of some species do present higher germination percentage, germination rate, and vigor when subjected to alternate temperatures, which corresponds to natural fluctuations found in the environment (Copeland and McDonald, 1995) . Although, germination percentage and rate were significantly higher when A. affinis seeds were sown under light, there was also germination in the dark, which indicates that the species was insensitive to light. Therefore, light did stimulate A. affinis seed germination, but it did not limit the process. Similar behavior of other grass species have also been reported by Opeña et al. (2014) , Bastiani et al. (2015) and Batista et al. (2015) , corroborating our results.
Different temperatures, combined with presence or absence of light, are also important environmental factors acting as germination triggering agents (Carvalho and Nakagawa, 2000) . According to these results, the combination of alternate temperatures and light stimulated seed germination of A. affinis. Such combination also promoted germination of Melinis minutiflora grass species (Carmona and Martins, 2010) , bermudagrass "Riviera" (Batista et al., 2015) , and other grass species native to the Brazilian cerrado (Carmona et al., 1998) .
Substrate and sowing methods
For both germination percentage and rate, there were no significant differences among "on paper", "between paper" and "on sand" treatments, which were superior to sowing in sand (Table 1) . These results corroborate recommendations from the Rules for Seed Analysis (Brasil, 2009) , which indicates that ideal substrates and sowing methods for germination trials are on either paper or sand, so we may extend it to seed sowing and also between paper.
Lower germination percentage observed for seed sowing in sand may be related to seed size. For instance, Evers and Parsons (2009) , when studying bermudagrass seeds, recommended sowing on a lightly compacted surface because of seed minute size.
Saline stress
For germination percentage, there were no significant differences among treatments, resulting in the mean of 84.10%; germination was slower as the saline concentration increased, shown by the adjustment of the negative linear regression (Figure 1) .
Even with the slower germination with salt increase, A. affinis was considered tolerant to salinity as germination percentage was high regardless the electrical conductivity, which ranged from 2.16 to 11.37 μS cm -1 . Therefore, seeds of this species may be selected for lawn implementation in saline soils or when using brackish or residual water for irrigation.
Some plant species; however, do benefit from salinity during germination, which denotes greater adaptation capacity to such condition along their life cycle (Viana et al., 2004) . Nevertheless, salt effects depend on factors such as species, cultivar, phenological stage, salt kind, intensity and duration of saline stress, crop management, irrigation, and soil and weather conditions (Tester and Davénport, 2003) .
In comparison with other grasses, Myers and Couper (1989) reported that, after Puccinellia ciliata and Lolium perenne seed germination has started and, also, at seven days after sowing, there were germination losses from substrates irrigated with a saline solution. Also, Coan et al. (2008) observed that irrigation with saline waters of up to 6.0 dS m -1 electrical conductivity did not inhibit seed germination of Lolium perenne and bermudagrass "Mirage". In addition, Batista et al. (2015) , when studying the effects of NaCl concentrations on germination of bermudagrass "Riviera" and "Princess 77", noted that germination of both cultivars was more effective under NaCl absence.
Water stress and sowing methods
The interaction among substrate water contents and sowing methods was significant for germination percentage and rate. Both variables presented superior results when seeds were sown on sand maintained at 100% water retention capacity (Table 1) .
The most favorable substrate water content for seed germination of many species ranges from 40 to 60% substrate water retention capacity (Piana et al., 1994) . However, it varies with species and cultivar, substrate composition, and sowing method, as reported by Batista et al. (2015) . These authors observed that bermudagrass "Princess 77" seeds presented an even germination when sown either in or on sand maintained at 50% water retention capacity; for "Riviera" cultivar, germination was more effective when seeds were sown on sand at 100% water retention capacity, similarly to what was found in this study.
Conclusions
Seed germination of A. affinis was more effective at the alternate temperatures of 20-30 and 20-35°C, under light, when sown on paper, between paper and on sand. The NaCl concentrations did not affect the germination percentage; however, its increment gradually decreased the germination rate. Greater germination percentage and rate were obtained when seeds were sown on sand at 100% water retention capacity.
